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Abstract 

Introduction: We aimed to investigate the relationship between radiological 
extent and serum biochemical changes and body mass index (BMI) in patients 
with pulmonary tuberculosis (PTB) and pneumonia and to determine the use- 
fulness of C-reactive protein (CRP) in clinical discriminative diagnosis. 
Material and methods: One hundred fifteen patients with tuberculosis (group 1), 
70 patients with pneumonia (group 2) and 30 healthy controls (group 3) were 
included in this case-control study. 

Results: Total cholesterol (TC, p < 0.001 in group 1; p = 0.011 in group 2), high- 
density lipoprotein (HDL, p < 0.001), albumin (ALB, p < 0.001) and BMI (p < 0.001) 
values were significantly lower group 1 and group 2 than group 3. Erythrocyte 
sedimentation rate (ESR), leucocyte (LEU) and CRP were higher in group 2 than 
group 1 and group 3 (p < 0.001). As important point; triglyceride (TG) and BMI 
were significantly lower in group 1 than group 2 (p < 0.001). In group 1; BMI, HDL, 
TG, total protein (TP) and albumin were found to decrease, while CRP and ESR 
increased as the radiological stage increased (p < 0.05). But no significant dif- 
ference was found in levels of TC and LDL (p > 0.05). In group 2; BMI, TC, HDL, 
LDL, TP and ALB were observed to decrease, while LEU, CRP and ESR increased 
as the radiological stage increased (p < 0.05). But no significant difference was 
found in levels of TG (p > 0.05). The best serum CRP cut-off value in differential 
diagnosis of tuberculosis and pneumonia was defined as 9.4. 
Conclusions: The acute phase response occurring in tuberculosis and pneumo- 
nia determines the severity of the disease, leads to a decrease of serum levels 
of lipoproteins and BMI, and is correlated with the radiological extent. The CRP 
and ESR were found to be useful in differential diagnosis of tuberculosis and 
pneumonia. 
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Introduction 

Several studies have been published indicating that cholesterol might 
have an important role in cellular immunity, and low cholesterol might 
have destructive effects on lymphocytes and macrophages facilitating the 
development and progression of tuberculosis [1, 2]. Serum levels of total 
cholesterol have been found to be low in patients with pulmonary tuber- 
culosis and a cholesterol rich diet might accelerate sterilization of the spu- 
tum in these patients [3]. HDL cholesterol has also been shown to be low 
in patients with inflammatory diseases such as pneumonia and tubercu- 
losis [4, 5] and a relationship has been emphasized between acute phase 
reactants and HDL cholesterol [4, 6]. In addition, a relationship has been 
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demonstrated between serum lipid levels and radi- 
ological extent in community-acquired pneumonia 
[4]. Together all these data suggest that a relation- 
ship might also exist between serum lipid levels 
and radiology of tuberculosis. 

Clinicians often have difficulty regarding differ- 
ential diagnosis of tuberculosis and pneumonia in 
cases of upper lobe located lesions [7]. Therefore, 
a number of studies have been conducted in order 
to define markers that might contribute to differ- 
ential diagnosis. C-reactive protein (CRP) is one of 
these markers. It has been demonstrated in studies 
that cytokines resulting from Mycobacterium tuber- 
culosis infection increase the production of acute 
phase reactants in the liver and that the level of CRP, 
which is one of the most important acute phase pro- 
teins, is high in tuberculosis patients [8, 9]. 

The objective of this study was to investigate 
the relationship between radiological extent and 
serum lipid parameters, protein levels and body 
mass index in patients with pulmonary tuberculo- 
sis and pneumonia and to determine the useful- 
ness of CRP in clinical differentiation of tuberculo- 
sis and pneumonia. 

Material and methods 

This is an analytic, case-control study. The study 
was performed in accordance with the principles of 
the Declaration of Helsinki and approved by the 
ethics committee of the hospital (Yedikule Chest 
Diseases and Thoracic Surgery Training and Re- 
search Hospital, Istanbul). 

One hundred fifteen consecutive patients with 
active lung tuberculosis referred to the Chest Dis- 
eases and Thoracic Surgery Training and Research 
Hospital between 2008 and 2010 (group 1; 81 male, 
34 female), 70 age and gender matched patients 
with community-acquired pneumonia (CAP, group 
2; 50 male, 20 female) and 30 healthy controls 
(group 3; 18 male, 12 female) were included in the 
study. Sputum AFB (with Ziehl-Neelsen stain) and 
at least one culture (Lowenstein-Jensen media and 
BACTEC TB 460 system) were found positive in all 
the patients in group 1 and accepted as active lung 
tuberculosis. Patients with PTB were classified as 
stage 1 (minimal/mild), stage 2 (moderate) and 
stage 3 (advanced) according to the extent of the 
disease on the chest radiographs [10, 11]. Lesions 
were considered to be 'minimal' if they were of 
slight to moderate density without cavitation and 
involved a part of one or both lungs, the total 
extent being less than the volume of the lung on 
one side which was present above the second 
chondrosternal junction. Moderate lesions were 
present in one or both lungs, but the total extent 
did not exceed the following limits: disseminated 
lesions of slight to moderate density which extend- 
ed throughout the total volume of one lung, or the 



equivalent in both lungs; dense and confluent 
lesions which were limited in extent to one third 
the volume of one lung; total diameter of cavita- 
tion, when present, was less than 4 cm. Lesions 
more extensive than these were recorded as 
'advanced'. CAP (group 2) was defined as the pres- 
ence of a new pulmonary infiltrate on chest radi- 
ograph that was cleared by antibiotic therapy at the 
time of diagnosis associated with cough. The pa- 
tients with pneumonia were classified according to 
the chest radiographs. Chest X-rays were divided 
into the following three zones: the upper zone was 
above the imaginary line adjacent to the tip of the 
second anterior ribs, the lower zone was below the 
imaginary line adjacent to the tip of the fourth ante- 
rior ribs, and the middle zone was between these 
two zones for each hemithorax (4). Each lung zone 
was scored by visually estimating the degree of the 
extent of involvement on a 0-4 point scale for low- 
density abnormalities. The score was based on the 
percentage of lung parenchyma that showed 
involvement: 0 was normal; 1, involvement of less 
than 25% of a zone; 2, 25-50%; 3, 50-75%; 4, more 
than 75% involvement [4]. Subjects were excluded 
if there was a history of severe cardiovascular dis- 
ease, significant liver or autoimmune disorders, neo- 
plasm and immunosuppressive conditions. Normal 
healthy individuals who presented for routine exam- 
ination, who did not have any complaint or known 
disease, with normal chest radiograph, were includ- 
ed in the control group. Full blood counts were car- 
ried out using ABX Pentra 120 (Minnesota, USA); 
serum total cholesterol (TC), HDL, LDL, VLDL, triglyc- 
eride (TG), total protein (TP), albumin (ALB ) and 
CRP with Olympus AU2700 Plus, Beckman Coulter 
(Tokyo, Japan); and ESR (erythrocyte sedimentation 
rate) with Eriline AR Linear (Barcelona, Spain) 
devices in each of the three group. Besides inter- 
group comparisons, intra-group comparisons were 
also carried out in the groups divided according to 
the radiological staging (tuberculosis stages 1, 2, 3 
and pneumonia stages 1, 2, 3, 4). 

Statistical analysis 

All the statistical analyses were carried out using 
SPSS 11.5 package software (SPSS Inc., Chicago, IL, 
USA). Inter-group comparisons were performed with 
one-way analysis of variance, correlations between 
numerical parameters with Pearson's correlation 
test, and correlation between one numerical and 
one categorical or two categorical parameters with 
Spearman's correlation test. Mann-Whitney Utest 
was used in intra-group comparison of laboratory 
values between different radiological stages in each 
tuberculosis and pneumonia group. Values of p less 
than 0.05 were considered statistically significant. 
The best cut-off value of serum CRP in differentia- 
tion of tuberculosis and pneumonia was calculated 
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with the receiver operating characteristic (ROC) 
curve. 

Results 

Age, body mass index (BMI) and laboratory val- 
ues (mean ± SD) of the patients with tuberculosis 
and pneumonia and healthy controls, and intra- 
group comparison of each group are presented in 
Table I. 

Laboratory outcomes of lipid values (TC, TG, HDL, 
LDL, VLDL) in the tuberculosis and pneumonia 
groups and their correlations with BMI and radio- 
logical stages (RS) are shown in Tables II and III. In 
addition, radiological stages (stages 1, 2, and 3), BMI 
and laboratory outcomes were compared in the 
tuberculosis group itself. In the tuberculosis group, 
BMI, HDL, TG, TP and ALB were found to decrease, 
while CRP and ESR increased as the radiological 
stage (stages 1, 2 and 3) increased (p < 0.05). How- 



ever, no significant difference was found in TC and 
LDL as the radiological extent increased (p > 0.05). 
In the pneumonia group, BMI, TC, HDL, LDL, TP and 
ALB were observed to decrease, while LEU (leuko- 
cyte), CRP and ESR increased as the radiological 
stage (stages 1, 2, 3 and 4) increased (p < 0.05). 

The best serum CRP cut-off value in differential 
diagnosis of tuberculosis and pneumonia was 
defined as 9.4. For this cut-off value, sensitivity was 
found as 70%, specificity as 71%, positive predic- 
tive value as 79.4% and negative predictive value 
as 59% (Table IV). 

Discussion 

Plasma lipid levels might be influenced in infec- 
tious and inflammatory diseases. Lower levels of 
TC found in tuberculosis patients compared to 
healthy controls is consistent with previously report- 
ed results in conditions leading to tuberculosis and 



Table I. Mean (SD) levels of age, BMI and laboratory parameters for tuberculosis, pneumonia and control groups 
and p values of their comparisons 



Parameter 


Tuberculosis 




Pneumonia 


Control 


Value of p 






Mean (SD) 




Mean (SD) 


Mean (SD) 


T-C 


P-C 


T-P 


Age [years] 


39.57 (14.99) 




42.60 (16.37) 


39.56 (12.44) 


NS 


NS 


NS 


BMI [kg/m 2 ] 


19.41 (1.89) 




20.74 (1.23) 


22.67 (0.82) 


< 0.001 


< 0.001 


< 0.001 


Hemoglobin [g/l] 


12.28 (1.73) 




12.65 (1.60) 


13.42 (0.98) 


< 0.001 


0.013 


NS 


Leucocyte [10 3 /ul] 


8593 (2182) 




17640 (4307) 


7200 (1489) 


< 0.001 


< 0.001 


< 0.001 


ESR [mm/h] 


71.83 (25.76) 




85.81 (24.55) 


15.70 (3.64) 


< 0.001 


< 0.001 


0.001 


CRP[mg/l] 


7.27 (5.57) 




14.32 (7.19) 


0.42 (0.28) 


< 0.001 


< 0.001 


< 0.001 


Total cholesterol 


137.21 (20.80) 




146.11 (34.85) 


164.30 (23.98) 


< 0.001 


0.011 


NS 


[mmol/1] 
















HDL[mmol/l] 


33.25 (7.21) 




32.45 (11.72) 


48.60 (5.22) 


< 0.001 


< 0.001 


NS 


LDL[mmol/l] 


84.70 (17.85) 




88.70 (28.73) 


98.93 (21.56) 


0.006 


NS 


NS 


VLDL[mmol/l] 


18.87 (7.76) 




25.07 (15.10) 


17.80 (5.62) 


NS 


0.002 


0.006 


Triglyceride [mmol/1] 


66.51 (19.71) 




112.55 (41.42) 


107.43 (28.28) 


< 0.001 


NS 


< 0.001 


Total protein [g/l] 


6.80 (0.62) 




6.65 (0.67) 


7.03 (0.44) 


NS 


0.003 


NS 


Albumin [g/l] 


3.20 (0.44) 




3.33 (0.51) 


4.09 (0.38) 


< 0.001 


< 0.001 


NS 


NS - not significant, SD - 


standard deviation, BMI - 


body mass index, ESR - erythrocyte sedimentation rate, CRP - C-reactive protein 


Table II. Correlations between laboratory parameters and other parameters in tuberculosis group 




TC 


TG 


HDL 


LDL 


VLDL TP 


ALB 


CRP 


BMI 


r 


r 


r 


r 


r r 


r 


r 


r 


RS NS 


-0.29* 


-0.33" 


NS 


-0.43** -0.29** 


-0.21* 


0.48** 


-0.38** 


BMI 0.28** 


NS 


0.29** 


NS 


0.31** NS 


0.37** 


-0.18* 




LEU NS 


NS 


NS 


0.26** 


NS NS 


-0.27** 


0.40** 


-0.37** 


HB NS 


NS 


0.18* 


0.19* 


-0.18* 0.23* 


0.41** 


-0.38** 


0.21* 


ALB 0.28** 


NS 


0.37** 


NS 


NS 0.50** 




-0.35** 


0.37** 



*p < 0.05, **p < 0.001, r - correlation value, RS - radiological stage, HB - hemoglobin, TP - total protein, ALB - albumin, TC - total cholesterol, 
TG - triglyceride, LEU - leucocyte. Other abbreviations - see Table I 
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Table III. Correlations between laboratory parameters and other parameters in pneumonia group 





TC 


TG 


HDL 


LDL 


VLDL 


CRP 


TP 


ALB 


BMI 




f 


X 


f 


f 




X 


f 




Y 


RS 


-0.43** 


NS 


-0.26* 


-0.35** 


NS 


0.35 


-0.27* 


-0.30* 


-0.27* 


BMI 


0.36** 


NS 


0.31** 


0.28* 


NS 


NS 


NS 


NS 




HB 


NS 


NS 


0.41** 


NS 


0.37** 


NS 


NS 


NS 


0.33** 


TP 


0.28* 


NS 


0.35** 


NS 


NS 


NS 




0.63** 


NS 


ALB 


0.25* 


NS 


0.52** 


NS 


NS 


NS 


0.63** 




NS 


LEU 


NS 


NS 


NS 


NS 


NS 


0.29* 


NS 


NS 


-0.32** 



Abbreviations - see Tables I and II 



Table IV. Sensitivity, specificity, positive predictive value and negative predictive value of the different CRP cut-off 
levels in differential diagnosis between tuberculosis and pneumonia 



Serum CRP levels 
[mg/l] 


Sensitivity 
[%] 


Specificity 
[%] 


Positive predictive value 
[%] 


Negative predictive value 
[%] 


8 


78.6 


59 


81.9 


53.9 


9.4 


70 


71 


79.4 


59 


11.7 


60 


81 


76.9 


65.6 



other infectious/inflammatory situations (e.g. pneu- 
monia) [3, 5, 12]. The correlation between low serum 
levels of TC and progression of tuberculosis indi- 
cated an inverse relation between inflammation 
and serum value of TC. Accordingly, numerous stud- 
ies report significant reduction in serum level of 
HDL In a study from Mexico conducted to evaluate 
the hypothesis that low serum levels of cholesterol 
might be a risk factor in development of pulmonary 
tuberculosis, levels of TC, HDL, LDL and TG were 



found to be lower in tuberculosis patients than in 
persons with household contact [13]. In a study, low 
levels of TC were reported in surgical patients in 
a critical condition [14], while in another study, acute 
phase markers were reported to be negatively cor- 
related with serum values of TC in hospitalized eld- 
erly patients [6]. Furthermore, similar to other stud- 
ies, in these studies also levels of HDL and LDL were 
found to decrease due to inflammation in tuber- 
culosis patients [3, 6, 14, 15]. Deniz etai found sig- 




Figure 1. ROC curve for using serum CRP levels in dif- 
ferential diagnosis of pulmonary tuberculosis and 
pneumonia 



Group: 
□ Pneumonia 
■ Tuberculosis 

Figure 2. Comparison of groups at the best cut-off 
point (9.4 mg/l) 
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nificantly lower serum levels of HDL in patients with 
community-acquired pneumonia than in healthy 
controls and an inverse relation between the ra- 
diological extent and HDL [4]. In addition, these 
authors found serum lipid levels, especially levels 
of HDL, to be low in pulmonary tuberculosis com- 
pared to the healthy group [3]. They underline that 
low levels of HDL in tuberculosis might be related 
to acute phase proteins (particularly secretory phos- 
pholipase A2 and serum amyloid A) induced by 
mediators during the inflammatory process [3]. Sim- 
ilarly, serum levels of LDL were found to be low dur- 
ing the infection and inflammation process, and 
this was thought to be associated with possibly 
increased LDL oxidation [3, 16]. Gruber etal. stated 
that low lipid levels, especially low HDL, point to 
a bacterial infection [17]. Rodriguez Reguero etal. 
underlined that low levels of HDL are found espe- 
cially in non-viral atypical pneumonias [5]. In their 
study with patients in the intensive care unit, 
Luthold et al found levels of HDL and total choles- 
terol lower in the infection group and stated that 
the diagnostic benefit of HDL is superior to CRP [18]. 
In our study, levels of TC, HDL, LDL and TG were 
found significantly lower in the tuberculosis group 
than in the healthy controls. On radiological exam- 
ination, serum levels of HDL and TG were shown to 
be lower in patients in an advanced stage of tuber- 
culosis (particularly patients having cavitary lesions) 
than in patients with minimal or moderate stages 
due to the increased inflammation. However, unlike 
other studies, no significant difference was found 
in levels of TC and LDL as the radiological extent 
increased in the tuberculosis group. Consistently 
with the literature, levels of HDL, LDL and TC were 
found to be lower in patients with pneumonia and 
inversely proportional to the radiological stage. Inter- 
estingly, no significant difference was found in TG 
as the radiological extent increased in the pneu- 
monia group. Even more interesting, TG levels in 
the pneumonia group were similar in the healthy 
control group (pneumonia: 112.55 ±41.42; healthy 
control: 107.43 ±28.28). Triglycerides levels were 
much lower in the tuberculosis group than in the 
pneumonia group. In addition to other studies, our 
study showed that TG levels were important in the 
evaluation of tuberculosis severity and the differ- 
entiation from pneumonia. 

Weight loss seen in tuberculosis is believed to 
be primarily caused by the acute phase response 
of the host. Release of proinflammatory cytokines 
induced by the viral or bacterial products takes part 
among the other causes. Both infection agent-relat- 
ed products and cytokines with increased release 
due to these products cause a decrease in appetite, 
resulting in weight loss [19]. C-reactive protein is 
an acute phase protein that is a non-specific mark- 
er of systemic inflammation. Acute phase reactants 



such as CRP increase and weight loss-related BMI 
decreases as the radiological extent increases [20]. 
The value of CRP as a marker was studied in a pop- 
ulation with lower respiratory bacterial infection, 
and it was found to be useful to evaluate severity 
of the disease [21]. For example, levels of CRP were 
found to be higher in patients with HIV-positive 
community-acquired pneumonia than in those with 
tuberculosis [22]. In a study conducted in Finland, 
no significant difference was found between levels 
of CRP in differentiation between pulmonary tuber- 
culosis and malignant intrathoracic tumors; how- 
ever, quite significant levels of CRP were found in 
the tuberculosis patients presenting cavitation on 
chest radiographs than in the healthy controls [23]. 
In a study conducted in our country, serum levels 
of CRP were found quite higher in the tuberculosis 
patients than in the controls, with a prominent ele- 
vation in levels of CRP with weight loss, especially 
in persons who had cavitation and advanced le- 
sions. This was emphasized to be a good marker in 
definition of the disease severity [8]. In a study from 
China, levels of CRP were measured in various pul- 
monary infections (e.g. tuberculosis, pneumonia 
and abscess) and different levels were observed in 
each type of infection. Levels of CRP were reported 
to be a good marker in defining the severity of 
inflammation and monitoring the response to treat- 
ment [24]. In a study from Brazil with 28 tubercu- 
losis patients, cytokines and acute phase reactants 
were measured at the beginning and at the 3 rd and 
6 th months. C-reactive protein and ESR were report- 
ed as potential tuberculosis markers in patients 
with (-) sputum AFB. Especially CRP was empha- 
sized to be a good marker indicating a response to 
the treatment [25]. In a study conducted in Korea, 
CRP was examined in 87 patients with suspected 
community-acquired pneumonia and 57 of them 
were definitely diagnosed with community-acquired 
pneumonia and 30 with tuberculosis. Measuring 
the serum levels of CRP was stated to have a high 
sensitivity and negative predictive value [26]. In 
a similar study, levels of CRP were studied in 46 tu- 
berculosis and 67 pneumonia patients and were 
found to be lower in the tuberculosis patients. Fur- 
thermore, sensitivity of the levels under 11.2 was 
found as 93.3% and specificity as 40.9% in differ- 
entiation of tuberculosis and pneumonia [27]. In 
this study, we found the best cut-off value as 9.4 (spe- 
cificity 71%, sensitivity 70%) in differentiation of 
tuberculosis and pneumonia. 

Serum levels of ESR and ALB are also good mark- 
ers of the acute phase response, likewise CRR Ery- 
throcyte sedimentation rate was found to be high 
in patients with elevated serum levels of CRP, but 
levels of ALB were lower [8, 28]. In addition, anemia 
was also identified in tuberculosis patients, and 
a significant negative correlation was observed 
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between Hb (hemoglobin) and CRP [8, 28]. Similar 
to the above-mentioned studies, in our study, we 
found ESR and CRP to increase, while HDL, ALB, HB 
and BMI decreased as the radiological extent 
increased, especially in tuberculosis. 

In conclusion, our study demonstrated that the 
acute phase response occurring in diseases caus- 
ing inflammation such as tuberculosis and pneu- 
monia determines the severity of the disease, leads 
to decrease of the serum levels of lipoprotein and 
BMI and is positively correlated with the radiologi- 
cal extent. In addition, our findings suggested CRP 
and ESR, which are acute phase reactants, to be 
useful in differential diagnosis and as potential 
tuberculosis markers in patients with (-) sputum 
AFB. Furthermore, our study showed that TG levels 
were important in the evaluation of tuberculosis 
severity and differentiation from pneumonia. 
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